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Abstract 

Background: Decreased physical activity is associated with higher mortality in subjects with COPD. The aim of this 
study was to assess clinical characteristics and physical activity levels (PALs) in subjects with COPD. 

Methods: Seventy-three subjects with COPD (67 ± 7 yrs, 44 female) with one-second forced expiratory volume 
percentage (FEV^/o) predicted values of 43 ± 16 were included. The ratio of total energy expenditure (TEE) and 
resting metabolic rate (RMR) was used to define the physical activity level (PAL) (PAL = TEE/RMR). TEE was assessed 
with an activity monitor (ActiReg), and RMR was measured by indirect calorimetry. Walking speed (measured over 
30-meters), maximal quadriceps muscle strength, fat-free mass and systemic inflammation were measured as clinical 
characteristics. Hierarchical linear regression was applied to investigate the explanatory values of the clinical 
correlates to PAL. 

Results: The mean PAL was 1 .47 ± 0.1 9, and 92% of subjects were classified as physically very inactive or sedentary. 
The walking speed was 1 .02 ± 0.23 m/s, the quadriceps strength was 31 .3 ± 1 1 .2 kg, and the fat-free mass index 
(FFMI) was 15.7 ± 2.3 kg/m 2 , identifying 42% of subjects as slow walkers, 21% as muscle-weak and 49% as FFM-depleted. 
The regression model explained 45.5% (p < 0.001) of the variance in PAL. The FEV^/o predicted explained the largest 
proportion (22.5%), with further improvements in the model from walking speed (10.1%), muscle strength (7.0%) and 
FFMI (3.0%). Neither age, gender nor systemic inflammation contributed to the model. 

Conclusions: Apart from lung function, walking speed and muscle strength are important correlates of physical activity. 
Further explorations of the longitudinal effects of the factors characterizing the most inactive subjects are warranted. 
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Background 

Chronic obstructive pulmonary disease (COPD) is charac- 
terized by non-reversible airflow limitation and systemic 
effects [1]. In addition to respiratory impairments reduced 
exercise capacity, systemic inflammation, loss of muscle 
mass and reduced physical activity are common [2-6]. 

The impaired exercise capacity can be improved through 
pulmonary rehabilitation, but whether this increased func- 
tional reserve will lead to subjects utilizing their capacity 
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in everyday life is still uncertain [7,8]. Both decreased exer- 
cise capacity and decreased physical activity are associated 
with higher mortality from COPD [9-11], indicating that 
further exploration of the factors involved in this complex 
interrelationship is warranted. If mediating factors are 
identified that contribute to variations in activity, they 
would be possible targets for interventions [12,13]. 

We hypothesized that using a combination of object- 
ively measured clinical characteristics would be useful for 
assessing physical activity levels in subjects with COPD. 
Therefore, the aim of this study was to explore the clinical 
characteristics of physical activity in patients with moder- 
ate and severe COPD, with special emphasis on variables 
that are amendable through rehabilitation efforts. 
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Methods 

Design and subjects 

A cross-sectional study was performed, and a sample of 
73 subjects with COPD was consecutively recruited from 
the Department of Respiratory Medicine, Sahlgrenska 
University Hospital, Gothenburg, Sweden. The inclusion 
criteria were: clinical diagnosis of COPD with a ratio of 
forced expiratory volume in one second (FEVi) by forced 
vital capacity of two standardized residuals below pre- 
dicted value, smoking history > 10 pack-years and stable 
disease. The exclusion criteria were: other conditions 
known to affect muscular tissue or physical performance 
(e.g., chronic heart failure, renal failure, rheumatic disease, 
diabetes, severe arthritis). The study was approved by the 
regional ethics review board in Gothenburg (Dnr: 408/05). 

Lung function 

Post-bronchodilator lung function values from the subjects' 
medical records were used if results from within six 
months were available; otherwise, dynamic spirometry was 
performed (SensorMedics model 922, SensorMedics Co., 
Palm Springs, CA, USA) [14]. Reference values from the 
European Community for Steel and Coal were used [15]. 
The severity of airflow limitation was based on post- 
bronchodilatory FEVi using the criteria of Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) [1]. 

Energy expenditure 

Resting metabolic rate (RMR) was measured by indirect 
calorimetry using a ventilated hood system (Deltatrac II 
Metabolic Monitor, Datex, Helsinki, Finland). Measure- 
ments were taken after an overnight fast, in a temperature- 
neutral environment with the subject in supine position 
and after 30 minutes of rest. The measurement period was 
30 minutes, and the last 25 minutes were used for deter- 
mining the RMR. 

Physical activity 

The ActiReg activity monitor (Premed AS, Oslo, Norway) 
was used to measure physical activity [16]. The monitor 
consists of a storage unit (measuring 85x45x15 mm, 
weight 60 g) worn at the waist to which two pairs of 
sensors are attached: one pair at the front of the right 
thigh, the other at the chest. Each pair consists of a 
position sensor and a motion sensor. The position sensors 
discriminate between four body positions (lying, sitting, 
standing and bending forward) and the motion sensors 
between four states of motion (no motion, motion at chest 
or leg, and motion at both location). Information from the 
sensors are checked every second and by combining this 
information with the energy requirements of different 
body positions and activities [17], an estimate of total 
energy expenditure during the measurement period is 
possible in the software. Data were analyzed using the 



ActiCalc computer software (Premed AS, Oslo, Norway), 
with which total energy expenditure was analyzed and 
physical activity level calculated. The ActiReg system is 
validated for use in subjects with COPD and has shown 
high agreement with the doubly labeled water method for 
energy expenditure estimates [18]. The ActiReg was worn 
for seven consecutive days, except during the night or 
when taking a shower. 

Physical activity level 

The physical activity level (PAL) was calculated as the ra- 
tio of the total energy expenditure (TEE) from the 
ActiReg divided by the RMR from indirect calorimetry 
(PAL = TEE/RMR). The World Health Organization pro- 
poses that the resulting ratio can be used to classify the 
lifestyle patterns of subjects as very inactive [PAL < 1.40], 
sedentary or lightly active [PAL 1.40 - 1.69], active or 
moderately active [PAL 1.70 - 1.99] or vigorous or 
vigorously active [PAL 2.00 - 2.40] [17]. 

Walking speed 

Walking speed was assessed by the 30-meter walk test 
[19]. The test was performed at two walking speeds, self- 
selected (usual) and maximal. Subjects were instructed 
to start from a standstill and walk 30 metres in both 
speeds with three minutes of rest in between. The mean 
walking speed at both the self-selected and the maximal 
speeds was calculated (distance/time, m/s). The cut-off 
for normal walking speed was set at 1.0 m/s [20]. 

Quadriceps strength 

Maximal voluntary isometric knee extensor strength 
was assessed using the Steve Strong dynamometer 
(SteveStrong HB, Gothenburg, Sweden). The outcome 
was maximal strength measured in Newtons (N). In a 
seated position with back support, hip and knee in 90 
degrees, with the subject secured to the seat by a strap 
to minimize engagement of the muscles of the hip, 
three maximal efforts per leg were performed with 
vigorous encouragement. The highest result obtained 
from three maximal efforts was used. Data were con- 
verted into kg, and predicted values based on the 
equation by Seymour et al. [21] were used to classify 
muscle weakness. 

Anthropometrics and body composition 

Height (m) and body weight (kg) was measured, and body 
mass index calculated as weight/height 2 (kg/m 2 ). Fat-free 
mass (FFM) was assessed in grams (g) by dual-energy x-ray 
absorptiometry (Lunar Prodigy, GE Healthcare, United 
Kingdom). The fat-free mass index (FFMI) was calculated 
as FFM/height 2 (kg/m 2 ). Fat-free mass depletion was 
defined as FFMI < 15 for women and < 16 for men [5]. 
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Systemic inflammation 

Venous blood samples were taken in the morning after 
12 hours of fasting. C-reactive protein (CRP) was used to 
assess systemic inflammation and analyzed according to 
standardized procedures at the Department of Clinical 
Chemistry, Sahlgrenska University Hospital, Gothenburg, 
Sweden. 

Dyspnea 

Dyspnea during daily activities was assessed using the 
modified Medical Research Council scale, ranging from 
0-4 [22]. 

Statistics 

The analyses were performed using IBM SPSS statistics ver- 
sion 20. Descriptive statistics are presented as the means 
(standard deviations) for continuous and normally distrib- 
uted variables or as the medians (interquartile ranges) for 
categorical variables (or non-normally distributed variables). 
Skewed variables were log-transformed prior to analysis. 
Using PAL as a grouping variable, the sample was split into 
tertiles to explore whether a linear trend would be evident 
in the independent variables. Pearson product- moment 
correlation coefficient, r and Spearman rank correlation, r s 
were used to assess associations. The Kruskal-Wallis test 
was used to test for differences in PALs between GOLD 
grades with the Mann- Whitney U test used for post hoc 
pairwise comparisons and gender differences. 

Hierarchical multiple linear regression analysis was 
used to investigate the explanatory values of age, gender, 
FEVi% predicted, self-selected walk speed, quadriceps 
strength, FFMI and the log of CRP (independent 
variables) on PAL (dependent variable). In the case of 
missing values for independent variables, the multiple im- 
putation technique was used to complete the data set. No 
variable had missing values in > 6% of cases. The signifi- 
cance level was set at p < .05. Due to the exploratory 
nature of the study no sample size calculation was 
performed. 

Results 

Data from one subjects activity monitoring were faulty 
and therefore excluded, leaving a total of 72 subjects 
(44 female) for analysis. The subjects' mean age was 65 
± 7 years, and FEV^ predicted was 43 ± 16 (Table 1). 
Airway obstruction according to GOLD was grade 1 
(n = 1), grade 2 (n = 18), grade 3 (n = 37) or grade 4 
(n=16). 

The mean PAL was 1.47 ±0.19. There was a negative 
correlation between PALs and GOLD grades, r s = -0.447 
(p < 0.001), indicating less physical activity with worsen- 
ing airway obstruction. The differences in PAL were 
significant between GOLD grades 2 and 3 (p < 0.001) but 
not between GOLD grades 3 and 4 (p = 0.358) (Figure 1). 



Sixty-six subjects (92%) were very inactive or sedentary, 
four were active or moderately active and two subjects 
were vigorously active. Subjects who were more physic- 
ally active were characterized by better pulmonary func- 
tion; higher Body Mass Index, FFMI, walking speed and 
muscle strength; and less dyspnea (Table 1). Forty-nine 
percent of the sample (27 female, 8 male) was classified 
as FFM-depleted. Forty-two percent (19 female, 11 male) 
did not reach normal walking speed. The maximal quad- 
riceps strength was 31.2 ± 11.2 kg, corresponding to 82 
± 25% of predicted values. 

Univariate associations with PAL 

The explanatory values of FEVi, walking speed and 
quadriceps strength were almost similar (ranging from 
16 to 20%) (Figure 2), whereas the correlation for FFMI 
was considerably lower. No significant associations were 
identified for age, gender or CRP. Moderate correlations 
were identified between quadriceps strength and FFMI 
and between gender and FFMI, whereas all other corre- 
lations between independent variables were weak or sta- 
tistically non-significant (Table 2). 

Multivariate model for explanation of PAL 

In a hierarchical multiple regression analysis, FEVi 
accounted for 22.5% of the variation in PAL when adjust- 
ing for age and gender (Figure 3). Further improvements 
to the model were gained by the inclusion of self-selected 
walking speed (10.1%), quadriceps strength (7.0%) and 
FFMI (3.0%), details of the model is presented in Table 3. 
Age and gender did not contribute significantly to the 
model; nor did CRP when adjusting for the previous vari- 
ables entered. The fit of the final regression model was 
R 2 = 0.45, (p < 0.001). 

Discussion 

The new information added from this study is that varia- 
tions in physical activity can be explained only to a de- 
gree by lung function but by adding information from 
simple tests of walking speed and lower extremity 
strength, substantial improvements in the explanation of 
the variability in PAL is possible. 

In this study, FEVi explained approximately 20% of 
the variability in PAL. Previous studies have shown mod- 
erate associations between higher GOLD grades and 
both lower PALs [23] and lower numbers of steps/day 
[24] and with not performing the recommended amount 
of physical activity [25]. Walker et al. [26] reported that 
changes in both overall activity and lower limb activity 
were related to FEVi and that there were higher levels of 
leg activity among subjects with better FEV!. The mech- 
anism behind this association could be dynamic hyperin- 
flation [27]. The altered mechanical properties of the 
lungs and airways in COPD reduce expiratory flow and 
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Table 1 Description of sample. Numbers are means ± standard deviations, medians (IQRs) or numbers (%) 





Total sample 
(n = 72) 


1 st tertile of PAL 

(n = 24) 

(1.15 - 1.38) 


2 nd tertile of PAL 

(n = 24) 

(1.40- 1.51) 


3 rd tertile of PAL 

(n = 24) 

(1.52 - 2.21) 


Age, years 


65 ±7 


65 ±7 


66 ±7 


65 ±7 


Gender, n male/female 


28/44 


8/16 


10/14 


10/14 


Current smoker, n (%) 


20 (28%) 


7 (29%) 


7 (29%) 


6 (25%) 


Dyspnea, mMRC 


3(1) 


3(1) 


2.5 (2) 


2(2) 


FEV 1; percent of predicted 


43 ±16 


35 ± 1 1 


42 ± 16 


52+14 


FVC, percent of predicted 


83 ±20 


73 + 19 


85 ±21 


92 ±20 


GOLD grade 1/2/3/4, n 


1/18/37/16 


0/1/15/8 


0/6/11/7 


1/11/11/1 


BMI, kg/m 2 


24.4 ± 4.7 


23.2 ±5.0 


23.9 ± 4.0 


26.0 ± 4.8 


FFMI, kg/m 2 


15.7 ±2.3 


15.0 ±2.4 


15.5 ± 1.9 


16.6 ±2.3 


FFM depleted, n (%) 


35 (49%) 


17 (71%) 


1 2 (50%) 


6 (25%) 


Quadriceps strength, kg 


31.3 ± 11.2 


27.2 ±10.7 


30.2 ±10.0 


36.3 ± 1 1 .3 


Quadriceps strength, percent of predicted 


81.8 ±24.8 


73.8 ± 28.0 


80.8 ± 20.8 


90.9 ±23.1 


Quadriceps weakness, n (%) 


15 (21%) 


6 (25%) 


5 (21%) 


4 (17%) 


Walking speed, self-selected (m/s) 


1 .02 ± 0.23 


0.89 ±0.21 


1 .00 ± 0.23 


1.14 + 0.17 


Walking speed, maximal (m/s) 


1 .54 ± 0.30 


1 .42 ± 0.29 


1.57 ±0.29 


1 .66 ± 0.30 


Low self-selected walking speed, n (%) 


30 (42%) 


15 (63%) 


1 1 (46%) 


4 (17%) 


CRP 


1 .86 ± 2.85 


2.38 ± 3.24 


1 .47 ± 2.55 


1 .85 ± 2.75 



mMRC = modified Medical Research Council scale (0-4), FEV q = Forced expiratory volume in one second, FVC= Forced vital capacity, GOLD = Global Initiative for 
Chronic Obstructive Lung Disease, BMI = body mass index, FFM = fat-free mass, FFMI = fat-free mass index, FFM depleted = FFMI < 1 5 in women, <1 6 in men, Slow 
walkers = < 1.0 m/s self-selected speed, CRP = C-reactive protein (anti-logged values). 



worsening of the condition from the disuse of muscles [29]. 
This model is supported by our data, given that both dys- 
pnea and lung function worsened as PAL decreased. It is 
reported that walking distance from a 6-minute walk test 
(6MWT) is a stronger determinant of daily activity than 
FEVx, self-efficacy and health-status [30]. 

A novel finding in the present study was that the ex- 
planatory value of self-selected walking speed towards 
PAL was of the same magnitude as the explanatory value 
of FEVi. In this study, walking was measured as walking 
speed over 30 meters. The 30-meter walk test has been 
shown to correlate well with the 6MWT [19]. Pitta et al. 
showed that patients with COPD spent less time walking 
in daily life than did age- matched controls and also 
walked at lower walking speeds [31]. Furthermore, the 
authors concluded that the 6-minute walk distance 
(6MWD) was the best surrogate marker for inactivity in 
COPD. Our results are therefore in accordance with the 
results of previous studies confirming the value of walk- 
ing performance with regard to daily activity [31] How- 
ever, to our knowledge, the finding of walking speed as 
an independent predictor of daily physical activity has 
been reported in only one previous study [32]. DePew 
et al. measured walking performance using the 4-meter 
gait speed test and the 6MWT in a sample of chronic 
lung disease subjects. In agreement with our present 



limit the time for expiration, especially during physical 
exertion, leading to increased end-expiratory lung 
volume [28]. If increased discomfort is apparent in physical 
activities, subjects are likely to limit their activity to avoid 
negative experiences of dyspnea, thereby contributing to a 



1.80 - 



< 

^ 1.60- 



DL 



GOLD 1 and 2 
(n=19) 



GOLD 3 
(n = 37) 



GOLD 4 
(n=16) 



Airway obstruction (GOLD grade) 

Figure 1 Physical activity level (PAL) presented across the 
airway obstruction classification from the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD). Bars are the mean 
PALs (with 95% CI) in respective GOLD grades. 
* = p<0.05, ns = p>0.05. 
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Explanatory value for PAL (r 2 ) 

0.00 0.10 0.20 0.30 0.40 

Gender 
Age 

FEV^/o pred. 

Walking speed 0 18 

Quadricepc strength 
Fat-free mass index 
C-reactive protein 

Figure 2 Figure shows the univariate associations with PAL. The x-axis represents the explanatory value (r 2 ) of PAL from the independent 
variables. FEV 1 = Forced expiratory volume in one second in percent of predicted,* = p < 0.05. 




results, the association between walking speed and PAL 
was modest (r 0.32), but DePew et al. did not present a 
multivariate prediction model for PAL, so further com- 
parison is not possible. In the present study, 42% of the 
participants had a lower than normal walking speed 
(< 1.0 m/s). A slow walking phenotype has been 
described in COPD, characterized by both worse exercise 
capacity and health status [33], but the impact of slow 
walking on physical activity levels has not been reported 
previously. The mechanism behind the reduction in 
speed with COPD is likely quite complex, but a feasible 
explanation is that it reflects a global sign of the con- 
straints imposed by the airway obstruction and dyspnea. 
Lower speed likely results in less oxygen consumption in 
the muscles and thereby less ventilatory stress and 
dyspnea. In this scenario, muscular dysfunction must also 
be considered because it could impact both walking per- 
formance and physical activity. 

The proportion of variability of PAL explained by 
quadriceps strength in the present study was almost of 
the same magnitude as the variability explained by lung 
function and walking speed. An association between 
quadriceps strength and daily activity was also reported 



in the study by Pitta et al. [31]. However, the maximal 
muscle strength in our sample was well preserved at the 
group level (82% predicted) compared with the reference 
values [21], which is somewhat contradictory to the 
results of the Pitta study. However, it is important to 
consider that muscular performance might be affected 
despite preserved maximal strength [34,35]. Coronell 
et al. found that the endurance of the quadriceps mus- 
cles was more impaired than was maximal strength and 
that impairment was present even in subjects with mild 
to moderate disease without sedentarism. Borst et al. 
[35] showed that reduced oxidative phenotype in COPD 
was related to reduced quadriceps endurance, but not 
with total activity or its intensity. Lower PALs were not 
associated with lower quadriceps force in newly diag- 
nosed subjects, as shown by Van Reemortel et al. [36]. 

Nearly half of the participants were FFM depleted with 
the least physically active subjects being most affected. 
FFM depletion was more prevalent among women than 
men (61% vs. 29%), with a substantially larger gender 
discrepancy than was described in a Dutch outpatient 
sample [5] . In the present study, the explanatory value of 
FFMI towards PAL was relatively low. The reasons may 



Table 2 Correlation matrix of the variables used in the regression model 





PAL 


Age 


Gender 


FEVt 


Walking speed 


Quadriceps strength 


FFMI 


PAL 
















Age (years) 


-0.101 














Gender (female = 1) 


-0.012 


-0.207 












FEV 1 (percent predicted) 


0.446** 


0.075 


0.093 










Walking speed (m/s) 


0.426** 


0.046 


-0.172 


0.253* 








Quadriceps strength (kg) 


0.397** 


-0.088 


-0.410** 


0.120 


0.315** 






FFMI (kg/m 2 ) 


0.286* 


0.098 


-0.591** 


0.089 


0.147 


0.524** 




CRP (log values) 


-0.167 


0.139 


-0.058 


-0.006 


-0.038 


0.063 


0.106 



Note: N = 72. FEVt = Forced expiratory volume in one second in percent of predicted, FFMI = fat-free mass index, CRP = C-reactive protein **p < .001, 
*p < .05 (two-tailed). 
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Variables entered 
Step 5: CRP 

Step 4: FFMI 

Step 3: Quadriceps strength 
Step 2: Walking speed 

Stepl: FEV 1 

20 25 30 35 40 45 50 55 60 65 

Variance of PAL explained(%) 

Figure 3 Graphical presentation of the evolving regression model adjusted for age and gender. The darker color represents the 
proportion of variance explained (R 2 ) from the previous step, and the light grey represents the R 2 change from the variable entered at that step. 
Numbers outside of the bars are the total R 2 at the current step, * = significant improvement from previous step, CRP = C-reactive protein, 
FFMI = fat-free mass index, FEV] = Forced expiratory volume in one second in percent of predicted. 




be that we included quadriceps strength in our model 
and that our subjects had well-preserved quadriceps 
strength. In our study, there was a relatively strong asso- 
ciation between quadriceps strength and FFMI (r = .52), 
which is in accordance with the findings of a previous 
study [5]. 

Systemic inflammation has previously been linked to 
muscle dysfunction in COPD [37] but was not con- 
firmed in our study. Perhaps the large proportion of sub- 
jects displaying low FFMI contributed to this finding. 
Eagan et al. [38] reported that patients with low FFMI 
did not have increased levels of CRP or soluble TNF- 
receptor 1; instead, they found the opposite to be true. 

Methodological considerations 

We used an activity monitor that operated on the basis 
of motion sensors, in contrast to the more recent litera- 
ture, in which accelerometers have been used. We con- 
sidered the choice of the monitor to be a strength of the 
study because of its proven validity in measuring energy 
expenditure in COPD [18]. Furthermore, the sampling 

Table 3 Independent predictors of physical activity level 
(PAL) 



Variable 



PAL 



B 



SE 



95% CI 



Sig. Beta 



Age (years) 
Gender (female = 1) 

FEVt (percent predicted) 0.004 

Walking speed (m/s) 0.232 

Quadriceps strength (kg) 0.004 

FFMI (kg/m 2 ) 0.021 



-0.002 0.003 -0.007,0.003 0.489 -0.054 

0.089 0.048 -0.004,0.183 0.062 0.221 

0.001 0.001,0.006 0.002 0.305 

0.087 0.062,0.402 0.008 0.282 

0.002 0.000,0.008 0.041 0.242 

0.011 0.000,0.042 0.047 0.240 



Log of CRP 



-0.032 0.017 -0.066,0.002 0.065 -0.174 



Note: N = 72. FEVt = Forced expiratory volume in one second in percent of 
predicted, FFMI = fat-free mass index, CRP = C-reactive protein, CI = confidence 
interval, FEV q = forced expiratory volume in one second. 



method used was not random, which could have intro- 
duced selection bias into the study. However, the aim was 
to include a relatively homogenous sample of COPD sub- 
jects by excluding many of the common co-morbid condi- 
tions observed in COPD. Other lung function variables 
than FEVi and forced vital capacity would have been 
needed in order to assess whether the association between 
low FEVi and low PAL was related to dynamic hyperinfla- 
tion or not. The cross-sectional design does not permit any 
cause-effect relationships to be determined but allows for 
the generation of new hypotheses. The method for quanti- 
fying quadriceps strength was not tested rigorously for val- 
idity or reliability, which should be taken into account 
when interpreting the results. Body composition and FFM 
depletion were assessed by dual-energy x-ray absorpti- 
ometry, a valid method for assessing body composition. 

Our findings suggest that incorporating measures of 
physical function into clinical practice would be of great 
value. Activity monitoring suffers from being costly and 
technically challenging. Having simpler measures for identi- 
fying subjects who are sedentary would open new possibil- 
ities for interventions. It is also important to note that two 
of the three major correlates of PAL, walking speed [39,40] 
and muscle strength [41], can be improved by pulmonary 
rehabilitation. A novel finding is that in a sample not bur- 
dened by comorbidity, impairments in walking speed rather 
than muscle strength seem valuable for identifying the most 
sedentary subjects. These subjects can be characterized by 
reduced walking speed, FFM depletion and poor lung func- 
tion. Because impairments in one of these factors have been 
shown to impact mortality, the combined impacts of simul- 
taneous impairments in all three factors should likely be of 
extra concern for clinicians. 

Conclusions 

We conclude that apart from lung function, walking 
speed and muscle strength are important correlates of 
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physical activity. Further explorations of the longitudinal 
effects of the factors characterizing the most inactive 
subjects are warranted. 
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